This paper uses a GJR-GARCH estimations to analyze the price volatility transmissions among the crude oil, corn, soybeans, sugar, and wheat markets. Special role is also given to two driving mechanisms of the relationship: i) the volatility index (VIX) as a measure of risk perceptions, and ii) the equity market uncertainty (EMU) index as a measure of uncertainty in financial markets. The analysis covers the daily futures markets data from January 1, 1990 to July 31, 2015, and several sub-periods in the empirical strategy are also considered. The empirical results show that i) crude oil return is positively related to four agricultural commodity returns; ii) a higher risk perception in financial markets suppresses the both corn and soybeans returns over the period August 1, 2008-July 31, 2015; iii) a higher uncertainty in financial markets is negatively related to the corn and soybeans returns for the period from June 1, 2010 to July 31, 2015; iv) the results for the effects of risk perceptions and uncertainty on wheat market returns are not statistically robust; i.e., these results are time-specific in the different sub-period analyses.
Introduction
In the last couple of years, the global economy faced the challenge of increased contagion across financial markets with increasing political and financial market uncertainties (e.g., Broadstock and Filis, 2014; Chen et al., 2013; Kenourgios et al., 2011; Mensi et al., 2013; Smales, 2014; Yarovaya et al., 2016) . In addition, the analysis of global commodity market linkages is one of the key areas of financial and economic research, but effects of political and financial market uncertainties are neglected in the literature (Gupta et al., 2014; Kang and Ratti, 2013; Lau and Bilgin., 2013) . These issues promoted the discussion among financial regulators and academics about the role of financial market stability and economic stability in maintaining commodity market's stability (Creti et al., 2013) . At this point, the transmission of the first moment (price) and second moment (volatility) shocks between crude oil and agricultural commodity markets is well discussed, 1 but lack of research on the role of the risk perceptions and uncertainty in financial markets in particular. The goal of this paper is to reassess price volatility spillovers among the crude oil and agricultural commodity markets.
To this end, a special role is given to two driving mechanisms of the relationship: i) the volatility index (VIX) as a measure of risk perceptions, and ii) the equity market uncertainty (EMU) index as a measure of uncertainty in financial markets. Indeed, not only the level commodity prices, but also their volatility are important for several aspects, and the inferences are threefold. First, commodity price volatility can negatively affect consumers and producers as well traders and investors via uncertainty channel (Baker et al., 2015; Bloom, 2009) . If empirical evidences are in favor of the "financialization of commodity markets" hypothesis (e.g., in Cheng and Xiong, 2013; Henderson et al., 2015) , the magnitude of the uncertainty effect will be higher: Because now not only the uncertainty shocks in commodity markets, but also risk perceptions and 1 See the recent literature reviews of Serra (2013) and Serra and Zilberman (2013) . uncertainty in financial markets will be able to affect the sentiments of consumers and producers as well as decisions of traders and investors. At this point, a distinction between uncertainty and risk is firstly done by Shewhart (1931) , and he indicates that the risk has a "predictable variation" but uncertainty has an "unpredictable variation"; i.e., it has surprise, new or unexpected nature. As a matter of fact, we do refer to the risk perception, and it is a more complicated concept since perceptions depend on the subjective ideas of financial market participants. In short, this paper considers the VIX to capture the effects of risk perceptions and the EMU index to capture the effects of uncertainty that is shaped in financial markets. Therefore, it is aimed to analyze whether the risk perceptions and financial market uncertainty can be explanations for volatility spillover among commodity markets. In other words, it is tested whether the "financialization hypothesis" can be an alternative explanation for the commodity market volatility spillover from the crude oil market to agricultural commodity markets.
Second, the price volatility in commodity markets has importance in all open-economies, mainly due to the commodity price volatility can be related to the volumes of imports and exports, and these issues relate to welfare gains from international trade.
Third, price volatility in commodity markets would have also directly influence the real income, especially in developing economies, but affecting the real income mainly depends on a specific country context. Therefore, it is important to empirically examine the price volatility interactions among commodity markets for policy makers, consumers, and producers, traders and investors.
This paper conducts a multivariate Glosten-Jagannathan-Runkle (GJR) Generalized
Autoregressive Conditional Heteroskedasticity (GARCH) model of Glosten et al. (1993) to examine volatility spillovers from the crude oil to four agricultural commodity markets: corn, soybeans, sugar, and wheat. The empirical analysis covers the daily futures markets data from January 1, 1990 to July 31, 2015, and several sub-periods are also considered in the empirical strategy. The main contributions of this paper to the existing literature are as follows. First, to the best of our knowledge, this paper represents the first empirical results on the effects of risk perceptions and uncertainty in financial markets in the energy-agriculture commodity prices volatility spillover literature. Second, whole observations are divided into four subperiods to examine the volatility spillovers among the crude oil, corn, soybeans, sugar, and wheat futures markets. In other words, the robustness of the benchmark findings are checked,
i.e., whether the empirical results on the commodity markets volatility spillover are timespecific or not.
The remainder of the paper is organized as follows. Section 2 reviews the related literature on the price volatility transmission among crude oil and agricultural commodity markets.
Section 3 explains the data and empirical model as well as discusses the methodology of the volatility model. Section 4 reports the empirical results and discusses implications. Section 5 concludes.
Literature Review

Motivation from Previous Findings
First, the price and the price volatility transmissions among energy and agricultural commodity markets are mainly biofuel-related in the recent literature. For instance, the Renewable Fuel Standard of the Energy Policy Act in 2005 has a crucial role in the rising ethanol production in the United States (U.S.) that leads to higher demand for biofuels, and this can be the main explanation of a stronger relationship between oil and agricultural commodity prices after 2006 (Serra, 2013) . Indeed, the relationship between the energy and agricultural markets are heavily affected by policies to promote ethanol production (Hertel and Beckman, 2012; Trujillo-Barrera et al., 2012) . According to Hertel and Beckman (2012) , the dynamics behind the ethanol market, crude oil, and corn markets leads to the linkage among the three markets that did not exist before 2006, and the correlation of crude oil and corn markets from September 2007 to October 2008 is 0.92. In parallel, there are also several empirical findings suggesting significant price volatility spillovers from crude oil to the corn markets, and their explanations are based on biofuel production (Serra, 2013; Wu et al., 2011) 2 . On contrary, for example, Natalenov et al. (2011) indicate that biofuel production is not the main reason for the co-movement between the oil and agricultural commodity markets.
Along with biofuels production, there are additionally other notable linkages between oil and agricultural commodity markets.
The second linkage is that the price of oil as cost of production, and a higher oil price is one of the fundamental sources of the agricultural commodity price volatility (Alghalith, 2010) .
A third linkage arises from the boom trend in agricultural commodity prices, due to funds' trading activity, in other words, "financialization of commodities" (Du et al., 2011) 3 . For instance, the feedback effects of futures markets (Sockin and Xiong, 2013 ) and the speculation in both spot and futures markets (Du et al., 2011; Frankel, 2014) are also influential factors on the interrelationship between oil and agricultural commodity markets.
For instance, Gozgor and Kablamaci (2014) Their results also highlight the role of speculation and financialization in the price transmission mechanism from the crude oil to agricultural commodity markets. In addition, Kristoufek (2014) finds that the long-memory effect is important for the crude oil price volatility. He also observes that significant leverage effect on the crude oil market that is 2 See also Serra (2013) for the recent survey of the related literature on biofuels-related volatility.
3 See Cheng and Xiong (2013) for the recent review of the related literature and the mechanisms behind financialization of commodity markets.
highly relevant to the daily data in our study. Gozgor and Memis (2015) also concludes that modeling leverage effect on the futures of oil, soybeans, corn, and wheat markets are crucial to understand the price volatility transmission mechanism among the crude oil and agricultural commodity markets. In light of these recent findings, the GJR-GARCH model specification in this paper is able to capture the long-memory and the leverage effects in the crude oil and agricultural commodity markets (Yarovaya et al., 2016) . In contrast, according to Knittel and Pindyck (2013) , speculation has a small effect on driving crude oil and agricultural commodity prices. In short, there is still no consensus in the literature on the effects of investment fund activity, financial factors, and policy changes on biofuels but simply such issues create even more complex market structure.
Fourth, there are also several other views in the literature to explain the interactions among agricultural commodity and oil markets. For example, some external factors, such as the global demand that is related to the rapid economic growth of emerging market economies (Sockin and Xiong, 2013) , the real value of the USD exchange rate (Gozgor and Kablamaci, 2014) , and the monetary policy stance in the rich-world; in other words, the world interest rate (Frankel, 2014) all can affect the price transmissions among oil and agricultural commodity markets. For example, according to Gilbert (2010) , the rising economic growth, and thus the high domestic demand in emerging markets, developments in financial products related to commodity futures, and the easing monetary policy stance are among the main reasons for the stronger co-movement of oil and agricultural commodity markets. Therefore, empirical results in the paper can also be noteworthy for traders, risk management issues, and hedging strategies or portfolio diversifications related to the crude oil and agricultural commodity futures.
Previous Literature on Price Volatility Spillover: Direct Mechanism
The interaction between energy and agriculture commodity markets has attracted growing interest in the literature, and several papers focus on "direct" price volatility spillover mechanism among oil and agricultural commodity markets (e.g., Alghalith, 2010; Chang and Su, 2010; Haixia and Shiping, 2013; Harri and Hudson, 2009; Nazlioglu et al., 2013; Serra, 2011; Trujillo-Barrera et al., 2012; Wu et al., 2011) . For example, Harri and Hudson (2009) analyze volatility transmission among the crude oil, soybeans, and corn markets for the period They find that there is a unidirectional spillover effect from the crude oil to the corn and fuel ethanol markets, and bi-directional spillovers between the corn and the fuel ethanol markets.
Econometric Methodology, Empirical Model, and Data
Econometric Methodology and Empirical Model
In this paper, a GJR-GARCH model is estimated for the logarithmic return (R t ) of four agricultural commodities: Corn (co), Soybean (sb), Sugar (su), and Wheat (wh). The mean equation is specified as: In each model, all parameters in the conditional mean and variance equations are estimated simultaneously by the maximum likelihood estimation (MLE). The WinRATS 8.0
software is used, and the numerical optimization is based on the Newton-Raphson and
Berndt-Hall-Hall-Hausman (BHHH) algorithm.
Data
This era. These break dates are related to the boom-and-bust cycle in the commodity markets, and they are used in many empirical papers (e.g., Gozgor and Memis, 2015; Nazlioglu et al., 2013) The agricultural commodity markets (corn, sugar, soybeans and wheat) price and crude oil price data are based on the futures markets, and they are obtained from the data source by Bloomberg. The VIX data are also obtained from the Chicago Board Options Exchange (CBOE) and the equity market uncertainty (EMU) index data are obtained from Baker et al. (2015) within the website (http://www.policyuncertainty.com/) of Scott R. Baker, Nick
Bloom, and Steven J. Davis. A summary of the descriptive is reported in Table 1 .
[Insert Table 1 ] Table 1 illustrates that all commodity returns are positive on average. The greatest volatility value (standard deviation) is observed in the crude oil market. The correlation matrix among variables is also reported in Table 2 .
[Insert Table 2] The first result in Table 2 is that there is a positive correlation between crude oil-and all agricultural commodity returns (from 0.10 to 0.15). Second, returns in each commodity have also positive correlations with other commodity returns. Third, crude oil and agricultural commodity returns are also negatively related with the VIX and the EMU index. Four, the correlation between the VIX and the EMU index is 0.37; therefore, it can be said that there is positive relationship between the VIX and the EMU index but the magnitude of the relationship is moderate. So, there is a significant distinction between the uncertainty and risk perceptions in financial markets.
Empirical Results
Benchmark Results
Tables 3-8 present the maximum likelihood estimates of the model described by Equations
(1), (2), and (3). It can be seen that the coefficients describing the conditional variance process are all statistically significant at 1% for the full sample estimations (i.e., Tables 3 and   4 ). This implies that current volatility is a function of the last period's squared innovation and the last period's volatility. It is found that the parameters of crude oil price returns in Tables 3 have positive impacts on all agricultural commodity returns as expected.
Sugar is the commodity that is the most sensitive to change of crude oil price, followed by wheat, corn, and soybeans. The return of sugar will be increased by 0.062% as a 1% increase in crude oil return (Panel A, Table 3 ). Interestingly, it is also found that the parameters of the VIX index have negative impacts on three commodity returns with an exception of the sugar market. Wheat is the commodity that is the most sensitive to change of the VIX index, followed by corn and soybean markets. The return of wheat will be decreased by 0.0017% as a 1% increase in the VIX (Panel A, Table 3 ).
[Insert Table 3] As a further analysis, EMU index is used as an alternative to the VIX, and it can be seen that the coefficients describing the conditional variance process are all significant for the full sample estimations in Table 4 . This again implies that the current volatility is a function of the last period's squared innovation and the last period's volatility. It is observed that the parameters of crude oil price return have again positive impacts on agricultural commodity price as expected. Again, sugar is the commodity that is the most sensitive to change of crude oil returns, followed by wheat, corn, and soybean. The return of sugar will be increased by 0.062% as a 1% increase in crude oil return (Panel A, Table 4 ). Interestingly, it is also found that the parameters of EMU index have negative impacts corn, wheat, and soybean markets.
Corn is the commodity that is the most sensitive to change of the EMU index, followed by wheat and soybean markets. The return of corn, wheat, and soybeans will be decreased by 0.0004%, 0.0002%, and 0.0001% as a 1% increase in the EMU index, respectively (Panel A, Table 4 ).
[Insert Table 4 Table 5 ). Interestingly, the VIX has no significant effect on commodity returns in the precrisis period.
[Insert Table 5] On the other hand, the parameters of crude oil returns have also positive impacts on all commodity returns in the post-2008 period. In addition, corn is the commodity that is the most sensitive to crude oil return (recall that crude oil has no impact on the corn market before July 2008), followed by soybean, sugar, and wheat. The return of corn will be increased by 0.21% as a 1% increase in crude oil return (Panel A in Post-2008, Table 5 ). The VIX is also negatively related to the returns in corn and soybean markets in the post-2008
period. Interestingly, the parameters of the VIX have only negative impacts on the corn and soybean returns after the July 2008. The return of corn will be decreased by 0.0004% as a 1% increase in the VIX. In addition, the return of soybean will be reduced by 0.0002% as a 1% increase in the VIX (Panel A in Post-2008, Table 5 ).
Furthermore, the results in Table 6 show that the parameters of crude oil return have positive impacts on commodity returns as expected in the pre-2008 period, with an exception of wheat. Sugar is still the commodity that is most sensitive to changes of crude oil return, followed by corn and soybean. The return of sugar will be increased by 0.03% as a 1% increase in crude oil return (Panel A in Pre-2008, Table 6 ). Interestingly, the parameters of EMU index have no statistically significant impact on commodity returns in the pre-crisis period.
[Insert Table 6 ] Furthermore, it is observed that the parameters of crude oil return have positive impacts on all commodity returns in the post-2008 period. Now, wheat is the commodity that is most sensitive to changes of crude oil return, followed by corn, soybean, and sugar. The return of wheat will be increased by 0.3% as a 1% increase in crude oil price (Panel A in Post-2008, Table 6 ). In addition, the parameters of the EMU index have negative and statistically significant effects on corn and soybean returns in the post-crisis period. The return of soybean and the corn will be decreased by 0.0015% and 0.0004% as a 1% increase in the EMU index, respectively (Panel A in Post-2008, Table 6 ).
Sensitivity Analysis: Results for Different Periods
The results in Table 7 show that the corn return will be decreased by 0.0008% as a 1%
increase in the VIX in the crisis period, and the corn return will be decreased by 0.002% as a 1% increase in the VIX in the post-crisis period, respectively (see , Table 7 ). Furthermore, that the soybean return will be decreased by 0.0013% as a 1% increase in the VIX in the crisis period, and the soybean return will be decreased by 0.0003% as a 1% increase in the VIX in the post-crisis period, respectively. It is also observed that the wheat return will be reduced by 0.003% as a 1% increase in the VIX in the post-crisis period. Interestingly, the parameters of the VIX index have no impact on commodity returns before July 2008. In addition, the parameters of crude oil price return have positive impacts on all commodity prices in the crisis and the post-2008 periods.
[Insert Table 7] The results in Table 8 indicate that the corn return will be decreased by 0.00026% as a 1% increase in the EMU index, and also the soybeans return will be declined by 0.00014% as a 1% increase in the EMU index in the post-crisis period (Table 8) . Interestingly, the parameters of the EMU index have no impact on agricultural commodity returns before July 2008. In addition, the parameters of crude oil price return have positive impacts on all commodity prices in the post-2008 period.
[Insert Table 8 ]
Discussion and Implications
A summary of the empirical results is reported in Table 9 . It is found that crude oil returns are positively all agricultural commodity returns. This can be related to the price of crude oil as cost of production for agricultural commodity returns. In a detail, the wheat returns are not driven by crude oil until June 2010 but the financial crisis of 2008-09 provides a stronger positive relationship between crude oil and wheat markets. The significant volatility spillover from the crude oil to corn markets is in line with the previous studies of Harri and Hudson (2009), Trujillo-Barrera et al. (2012) , and Wu et al. (2011) . In addition, the volatility transmission mechanism seems not to be broken out due to the global financial crisis in 2008.
[Insert Table 9 ]
Another empirical results are related to the risk perceptions (the VIX) and the uncertainty (the EMU index) measures in the financial markets. It is found that both the VIX and the EMU index are negatively related to the returns in corn, soybean, and wheat markets. Sugar market is not, neither driven by the EMU index nor by the VIX in the whole period and all sub-periods. These results imply that sugar market is not affected by risk perceptions and uncertainty; therefore, there is no evidence in favor of "financialization hypothesis" in sugar markets over the period under concern. These findings in sugar market can also be interpreted as it is still driven by local markets-not financial market measures considered in the paper.
These results are in line with the findings of many empirical papers (e.g., Natanelov et al.,
2011).
Furthermore, the benchmark results illustrate that both the VIX and the EMU index are negatively related to the returns in corn, soybean, and wheat markets. However, the results for wheat markets are not statistically robust since when the periods before-and after the financial crisis is considered, the effects of the VIX and the EMU index are not statistically significant. It is also observed that the VIX and the wheat market returns are negatively related, but this result is time-specific, i.e., it is merely statistically significant for over the period June 1, 2010-July 31, 2015.
It is also found that the benchmark results are driven by the period of post-crisis for corn and soybean markets for the effects of both the VIX and the EMU index. More specifically, the period from August 1, 2008 to July 31, 2015 is mainly driven by the negative relationship between the VIX and both the corn and soybean returns. In addition, the EMU index is negatively related to both the corn and soybean returns for the period from June 1, 2010 to Furthermore, the interrelationship from crude oil to both the soybeans and corn markets can possibly be explained by biofuel production from corn as bioethanol and from soybeans as biodiesel. Actually, the usage of biofuels as corn ethanol and soybean diesel have substantially created additional volatility in the prices of corn and soybeans, even with there is no related change in the crude oil prices. The actual volumes of crops being used for energy production are mainly based on availability of technologies and switching opportunities of these techniques over alternative fuels. However, in today's world, fluctuations in crude oil price can still affect the prices of corn and soybeans, because large scale production of each is still impossible without diesel fuel and gasoline. In short, it is found that the significant amount of biofuel production after 2006 creates additional volatility in the corn and soybean markets, but its effects are not much greater as the effects of the risk perceptions and uncertainty in financial markets on the corn and soybean returns.
Conclusion
This paper uses a GJR-GARCH estimations to analyze the price volatility transmissions among the crude oil, corn, soybeans, sugar, and wheat markets. Special role is also given to two driving mechanisms of the relationship: i) the VIX as a measure of risk perceptions, and
ii) the EMU index as a measure of uncertainty in financial markets. The analysis covers the daily futures markets data from January 1, 1990 to July 31, 2015, and several sub-periods in the empirical strategy are also considered.
The empirical results show that i) crude oil return is positively related to four agricultural commodity returns; ii) a higher risk perception in financial markets suppresses the both corn and soybeans returns over the period August 1, 2008-July 31, 2015; iii) a higher uncertainty in financial markets is negatively related to the corn and soybeans returns for the period from June 1, 2010 to July 31, 2015; iv) the results for the effects of the risk perceptions and uncertainty on wheat market returns are not statistically robust; i.e., these results are timespecific in the different sub-period analyses.
The results in this paper highlight the role of risk perceptions and uncertainty in financial markets to explain volatility spillovers from the crude oil to the corn and soybean markets.
We suggest that in a future study, one can consider another volatility models that accounting for jumps and feedback effects in the crude oil and agricultural commodity futures markets for a further investigation of the effects of risk perceptions and uncertainty. 
